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MULTIPARTITE LASER 

5 Cross-Reference to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE02/02828 , filed August 1, 2002, which 
designated the United States. 

10 Background of the Invention : 
Field of the Invention : 
The invention relates to a device for emission of laser 
radiation with one or a plurality of pumped active zones of a 
semiconductor laser, the zones being disposed within a 

15 resonator. 

Semiconductor lasers are generally known and are usually 
produced in two embodiments. In the case of edge-emitting 
laser diodes, the emission is effected in the direction of 

20 extent of the pumped active layer and the laser radiation 

emerges through the edges of the active layer. This type of 
laser diodes generally exhibits poor beam quality because the 
edge-emitting laser does not oscillate in one mode and does 
not oscillate exclusively in the fundamental mode. Thus, the 

25 laser radiation is emitted in a wide angular range. This is a 
pronounced problem particularly in the case of edge-emitting 
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laser diodes whose active zone has a large extent transversely 
with respect to the optical axis of the resonator. 



In addition to the edge-emitting laser diodes, surface- 
5 emitting diodes are also known, in which the laser radiation 
is emitted at right angles to the pumped active layer. The 
surface-emitting laser diodes are afflicted, on one hand, with 
high electrical resistances based on the limited dopability of 
mirror layers formed on both sides of the active zones. 
10 Although the resistances can also be reduced, inter alia, by 

increasing the diameter of the active zone, this generally has 
the effect that higher modes start during the operation of the 
laser, which modes impair the beam quality. 

15 Summary of the Invention : 

It is accordingly an object of the invention to provide a 
multipartite laser that overcomes the hereinaf ore-mentioned 
disadvantages of the heretofore-known devices of this general 
type and that provides a device for emission of laser 

20 radiation of high power with a good beam quality. 

With the foregoing and other objects in view, there is 
provided, in accordance with the invention, a device for 
emission of laser radiation, including at least one 
25 semiconductor laser having a resonator and a pumped active 

zone disposed within the resonator, the zone being subdivided 
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into at least two spatially separated active zones by free- 
radiation regions without lateral wave guidance. 



According to the invention, the active zone is subdivided into 
5 at least two spatially separated active zones by free- 
radiation regions without lateral wave guidance. 

What is achieved by the spatial separation of the two pump 
zones is that only the fundamental mode in each case couples 

10 into the respective other pump zone and is, thereby, amplified 
or the fundamental mode couples in significantly more 
effectively than all the other modes. This is because the 
remaining modes radiate at solid angles that are significantly 
greater than the solid angle at which the opposite pump zone 

15 appears from the respective pump zone and, consequently, these 
higher modes are not amplified in the other pump zone. These 
higher modes, thus, experience a smaller amplification per 
resonator circulation than the fundamental mode and, 
therefore, do not exceed the laser threshold given a 

20 corresponding electrical pump power. 

In accordance with another feature of the invention, the at 
least one semiconductor laser is at least two semiconductor 
lasers, the semiconductor lasers have at least one end, are 
25 disposed in series, a row, or a line, and have sides and an 
antiref lection-coating at least on one of the sides, the 
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semiconductor lasers have outer mirror elements at the end of 
the semiconductor lasers disposed in series, and the outer 
mirror elements forms the resonator. 

5 In accordance with a further feature of the invention, the 

device has a series, a row, or a line of broad-stripe lasers, 
whose resonator is formed by the outer mirror areas of the 
broad-stripe lasers disposed at the end. 

10 The problem of higher-order modes starting to oscillate is 
particularly pronounced in the case of the broad-stripe 
lasers. It is advantageous, therefore, to dispose a series, a 
row, or a line of broad-stripe lasers at a distance from one 
another to ensure that only a fundamental mode in each case 

15 starts to oscillate or the proportion of higher modes is, 

thereby, significantly reduced and the beam quality is, thus, 
correspondingly improved . 

In accordance with an added feature of the invention, the 
20 semiconductor lasers are two broad-stripe lasers disposed at a 
distance from one another and have antiref lection-coated end 
faces facing one another. 

In accordance with an additional feature of the invention, 
25 there is provided a substrate. The lasers are formed on the 
substrate . 
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In accordance with yet another feature of the invention, the 
semiconductor lasers have optical axes and the semiconductor 
lasers are oriented with the optical axes parallel to one 
another. 

In accordance with yet a further feature of the invention, the 
semiconductor lasers are disposed from one another at a 
distance between approximately 1 \xm and approximately 10 m. 

In accordance with yet an added feature of the invention, 
there is provided a frequency-selective element disposed in at 
least one of the free-radiating regions. Preferably, the 
frequency-selective element is a Bragg grating. 

In accordance with yet an additional feature of the invention, 
there is provided an imaging optical element disposed in at 
least one of the free-radiating regions. 

In accordance with again another feature of the invention, a 
cylindrical lens is expediently disposed in the free-radiating 
region between the individual broad-stripe diode lasers, the 
focal line of which lens lies along the exit edge of the laser 
radiation from the broad-stripe laser. 
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By such a configuration , the fundamental mode of the emerging 
light beam is optimally concentrated and directed into the 
respectively adjacent active zone. 

In accordance with again a further feature of the invention, 
two broad-stripe lasers are formed in a substrate. An unpumped 
region is present in the substrate between the two broad- 
stripe lasers, the region being dimensioned such that higher 
modes can leave the active zone, and, thus, the amplification 
region, on account of the lateral waveguide being absent 
there. The fundamental mode alone is able to traverse the 
unpumped region and, on the opposite side, again enter the 
active zone of the opposite broad-stripe laser. As a result, 
the threshold current condition for higher modes is raised 
very greatly, so that the broad-stripe laser oscillates 
predominantly in the fundamental mode. 

In accordance with again an added feature of the invention, 
the device has two surface-emitting lasers, which are disposed 
20 at a distance in each case with an antiref lection-coated top 
side facing one another. 

The use of two surface-emitting lasers with only one mirror in 
each case makes it possible to reduce the electrical 
25 resistance of each surface-emitting laser to approximately one 
half. Moreover, the spacing between the surface-emitting 
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lasers enables higher modes that are emitted at a larger solid 
angle than the fundamental mode to leave the resonator and no 
longer to be amplified so that the device substantially 
oscillates only in the fundamental mode. 

5 

In accordance with again an additional feature of the 
invention, at least one of the broad-stripe lasers have an 
exit window and an active zone defining an active zone plane, 
and an imaging optical element is disposed in at least one of 
10 the free-radiating regions and is a cylindrical lens having a 
focal line lying in the active zone plane at the exit window. 

In accordance with still another feature of the invention, at 
lea'st one of the free-radiating regions is formed of a medium 
15 having a low absorption coefficient. 

In accordance with still a further feature of the invention, 
there is provided a substrate. The lasers are formed on the 
substrate. At least one of the free-radiating regions is 
20 formed of a medium having an absorption coefficient less than 
the substrate. 

In accordance with still an added feature of the invention, 
the pump zone has a band gap and at least one of the free- 
25 radiating regions is formed of a section having a band gap 
greater than the band gap in the pump zone. 
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In accordance with still an additional feature of the 
invention, the pump zone has a band gap, the semiconductor 
lasers are two broad-stripe lasers disposed .at a distance from 
5 one another and have antiref lection-coated end faces facing 

one another, and at least one of the free-radiating regions is 
formed of a section with a band gap greater than the band gap 
in the pump zone. 

10 With the objects of the invention in view, in a semiconductor 
laser, there is also provided a an emission device for 
emitting laser radiation, including a resonator and a pumped 
active zone disposed within the resonator, the zone being 
subdivided into at least two spatially separated active zones 

15 by free-radiation regions without lateral wave guidance. 

Other features that are considered as characteristic for the 
invention are set forth in the appended claims. 

20 Although the invention is illustrated and described herein as 
embodied in a multipartite laser, it is, nevertheless, not 
intended to be limited to the details shown because various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 

25 the scope and range of equivalents of the claims. 
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The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof, will be best understood from the following 
description of specific embodiments when read in connection 
5 with the accompanying drawings. 

Brief Description of the Drawings : 

FIG. 1 is a fragmentary cross-sectional view of a broad-stripe 
laser according to the invention formed in a substrate; 

10 

FIG. 2 is a perspective view of a laser configuration 
according to the invention with two opposite broad-stripe 
lasers with cylindrical lenses; 

15 FIG. 3 is a perspective view of a laser configuration 

according to the invention with two opposite broad-stripe 
lasers formed in a substrate; 

FIG. 4 is a cross-sectional view of a laser configuration 
20 according to the invention with two opposite surface-emitting 
lasers ; 

FIG. 5 is a cross-sectional view of a further modified laser 
configuration according to the invention with two opposite 
25 surface-emitting lasers; and 
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FIG. 6 is a cross-sectional view of a further modified 
embodiment of the laser configuration of FIG . 5. 



Description of the Preferred Embodiments : 
5 Referring now to the figures of the drawings in detail and 
first, particularly to FIG. 1 thereof, there is shown cross- 
section through a broad-stripe laser 1. A lower barrier layer 
3 is applied to a substrate 2. The barrier layer 3 has, for 
example, the composition Al0.sGa0.4As and a thickness of 1 jam. 

10 The- lower barrier layer 3 is adjoined by a lower waveguide 

layer 4, which usually has the composition Alo.3Gao.7As and is 
about 0.5 ^m thick. The light emitted by the broad-stripe 
laser 1 is generated in an active layer 5, which merely has a 
thickness of 10 nm and forms a quantum well. The material 

15 composition of the active layer depends on the desired 

wavelength of the emitted light. The active layer is usually 
composed of Al x In y Gai- x - y As , where 0 ^ x < 0.3 and 0.05 ^ y ^ 
0.3. Situated above the active layer 5 is an upper waveguide 
layer 6 covered by an upper barrier layer 7. The thickness and 

20 the composition of the upper waveguide layer 6 and of the 

upper barrier layer 7 in each case correspond to the thickness 
and composition of the lower barrier layer 3 and lower 
waveguide layer 4. A broad-stripe contact 8 is formed on the 
upper barrier layer 7 and, together with a rear-side contact 

25 disposed on the rear side of the substrate 2, supplies the 
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active layer 5 with current. In such a case, the spatial 
extent of the broad-stripe contact 8 determines the extent of 
a light-emitting active zone 9 in the active layer 5. 

5 The broad-stripe lasers 1 illustrated in FIG. 2 are 

distinguished by having a high power and a long lifetime. 
However, the beam quality of individual broad-stripe lasers is 
usually poor because the broad-stripe laser 1 does not only 
oscillate in one mode and does not oscillate exclusively in 
10 the fundamental mode so that the laser radiation is emitted in 
a wide angular range. 

Therefore, it is proposed to dispose at least two broad-stripe 
lasers 1 at a distance in a row or a line one behind the other 
such that only the fundamental mode of a respective broad- 
stripe laser 1 couples into the pumped active zone 9 of an 
adjacent broad-stripe laser 1. The higher-order modes, on 
account of their greater divergence, only partially enter the 
active zone 9 of adjacent broad-stripe lasers and are, 
therefore, amplified only slightly in comparison with the 
fundamental mode. As a result, the threshold current condition 
for higher modes is raised very greatly so that the laser 
configuration predominantly oscillates in the fundamental 
mode . 
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FIG. 3 illustrates an exemplary embodiment with two broad- 
stripe lasers respectively disposed at a distance L. The 
length of the path may be between 1 jam and 10 m. To couple the 
broad-stripe lasers 1 to form a laser configuration, the 
5 mutually facing facets 10 and 11 in each case (see FIG. 2) 
have a reflectivity relative to the radiation energy of less 
than 1%. At least one of the outer facets 12 and 13 has a 
reflectivity of greater than 90%, and the other has a 
reflectivity of 40%, for example. The outer facets, thus, form 
10 a resonator, the facets 12 and 13 performing the function of 
the mirror areas. 

In order also to produce the divergence of the fundamental 
mode in the direction of the normal to the active zone 9, that 

15 is to say, at right angles to the active zone 9, cylindrical 
lenses 14 are provided (see FIG. 2), the focal line of which, 
preferably, runs along the exit edge of the active zone 9 at 
the inner facets 10 and 11. The cylindrical lenses 14 reduce 
the divergence - which is large on account of diffraction - of 

20 the fundamental mode in the direction of the normal to the 

active layer 5, or even collimate the light in the direction. 
By virtue of such a configuration, the fundamental mode is 
virtually completely coupled into the adjacent broad-stripe 
laser 1 and the laser threshold for the fundamental mode is, 

25 thereby, lowered. 
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It is also conceivable, as illustrated in FIG. 3, to form the 
broad-stripe lasers 1 on a common substrate 2 with a common 
layer construction. In such a case, it is not absolutely 
necessary to etch out the free-radiating region 15. It 
5 suffices for the absorption of the material to be reduced in 
the free-radiating region. This may be achieved, for example, 
by a local thermal treatment of the free-radiating region, by 
which aluminum indiffuses into the active layer 5 from the 
waveguide layers 4 and 6 adjoining the active layer 5 and/or 
10 indium outdiffuses from the active layer.. This is because this 
increases the band gap of the active layer in the free- 
radiating region 15 so that the photons emitted by the active 
zones 9 are not absorbed in the free-radiating region. 

15 If the laser configuration from FIG. 3 is intended to 

oscillate only at a specific frequency, it is advantageous if 
a frequency-selective element, for example, a Bragg grating 
16, is introduced in the free-radiating region. Such Bragg 
gratings 16 are known to the person skilled in the art and 

20 are, therefore, not described herein with any further detail. 

FIGS. 4 to 6 illustrate further exemplary embodiments in which 
the laser configuration has two opposite surface-emitting 
lasers 17 . The surf ace -emitting lasers 17 are also referred to 
25 as VCSEL or VECSEL. The surface-emitting lasers have rear-side 
Bragg mirrors 18 and 19, one of which has a reflectivity of 

-13- 



close to 100% and the other has a reflectivity in the region 
of < 99%. A lower intermediate layer 20 is applied to the 
Bragg mirrors 18 and 19, the active layer 5 adjoining the 
intermediate layer 20. The active layers 5 are, in turn, 
5 covered by an upper intermediate layer 21. The Bragg mirrors 
18 and 19 are usually produced on the basis of AlGaAs layers. 
The intermediate layers 20 and 21 and also the active layers 5 
are based on the material system AlGalnAs already mentioned. 

10 The . surf ace-emitting lasers 17 are disposed at a distance of 1 
jam to 10 m. The large distance between the two surface- 
emitting lasers 17 has the effect that only the fundamental 
mode is guided in the resonator formed by the two Bragg 
mirrors 18 and 19, and that higher-order "modes that are 

15 emitted at large solid angles by the surface-emitting lasers 

17 leave the resonator and are no longer amplified. Therefore, 
the two surface-emitting lasers 17 have to be aligned such 
that the fundamental mode is in each case imaged into the 
active layer 5 of the opposite surface-emitting laser 17. 

20 

FIG. 5 illustrates a further exemplary embodiment, in which an 
optical element 22 is introduced into the free-radiating 
region 15 between the two surface-emitting lasers 17. The 
optical element 22 may have imaging properties to ensure that 
25 the fundamental mode of one respective surface-emitting laser 
17 is imaged into the active layer 5 of the respective other 

-14- 



P2001, 0573 

surface-emitting laser 17. However, the optical element 22 may 
also serve for laterally coupling out part of the radiation 
generated by the laser configuration from the free-radiating 
region 15. In such a case, the surface-emitting lasers 17 may 
5 each be equipped with a Bragg mirror 23 having a reflectivity 
of almost 100%. 

Finally, it should be noted that, as illustrated in FIG. 6, 
one or both of the Bragg mirrors 18, 19 and 23 may be provided 
10 with a metallization layer 24. 

For the operation of the surface-emitting lasers 17, a supply 
voltage is applied to terminals 25. 

15 The laser configuration with two surface-emitting lasers as 
illustrated in FIGS. 4 to 6 also has the advantage, in 
addition to the low beam divergence of the laser beam 
generated, that the surface-emitting lasers 17 can dispense 
with the Bragg mirror that is usually disposed on the upper 

20 intermediate layer 21 in conventional surface-emitting lasers. 
Because the upper Bragg mirror can be dispensed with, the 
surface-emitting lasers 17 have an electrical resistance that 
is reduced to approximately one half or less compared with 
conventional surface-emitting lasers. The power loss that 

25 occurs in the surface-emitting laser 17 on account of the 
internal resistance is correspondingly lower. 
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Furthermore, it should be noted that the laser configuration 
could also be realized in other material systems. By way of 
example, the material system based on AlGalnN is suitable for 
5 emission of laser radiation in the blue-green wavelength 

range. The material systems InGaAlP and GaAs are suitable for 
emission of laser radiation in the red wavelength range. 
Furthermore, II-VI compound semiconductors such as, for 
example, from the system CdBeMgZn, SeTe and SSeTeO are also 
10 suitable. 

The scope of protection of the invention is not limited to the 
examples given herein. The invention is embodied in each 
novel characteristic and each combination of characteristics, 
15 which includes every combination of any features that are 
stated in the claims, even if this combination is not 
explicitly stated in the claims. 
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